The frequency of using rituximab to treat refractory nephrotic syndrome has recently been increasing, and the conventional dose of rituximab used to treat it, 375 mg/m 2 body surface area once weekly for 4 weeks, has been modelled on the chemotherapy regimen for B-cell non-Hodgkin's lymphoma. The dose and intervals of rituximab in refractory nephrotic syndrome remain controversial. Clear lymphoma cell hyperplasia is seen in lymphoma patients, but not in nephrotic syndrome patients. Since we thought that it might be possible to reduce the dose of rituximab if only used for the purpose of depleting CD20-positive B cells in nephrotic patients' peripheral blood, we tried semiannually with a single fixed rituximab dose of 100 mg/body, and a complete remission was attained in 3 cases without treatment with Case
Introduction
Patients with nephrotic syndrome due to primary glomerulonephritis are usually treated with immunosuppressive drugs such as steroids, cyclosporine, cyclophosphamide, mizoribine, and mycophenolate mofetil. In almost all cases, a steroid is administered as the firstline drug, and another immunosuppressant is used as a second-line drug in combination with steroid when sufficient efficacy is not achieved with the steroid alone. There are two types of refractory nephrotic syndrome: steroid-dependent nephrotic syndrome (SDNS) and steroidresistant nephrotic syndrome, and long-term treatment of either type with steroids has various adverse effects such as obesity, moon face, susceptibility to infection, gastric ulcer, hypertension, diabetes, dyslipidemia, osteoporosis, glaucoma, and cataract. In some cases, femur head necrosis, cataract, and adrenocortical insufficiency are irreversible adverse effects due to long-term use of steroids.
The Ministry of Health, Labour and Welfare of Japan recently approved rituximab as a treatment for refractory nephrotic syndrome, and although reports of its efficacy have accumulated, the dose and interval to use for rituximab therapy are still controversial.
Rituximab Therapy
The first intravenous infusion of rituximab was done at the single dose of 375 mg/m 2 body surface area (BSA) (maximum dose 500 mg/body). To reduce infusion reactions, we administered 4 mg of betamethasone (intravenously), 40 mg of monoammonium glycyrrhizinate (intravenously), 400 mg of acetaminophen (orally), and 2 mg of d-chlorpheniramine maleate (orally) to each patient 30 min prior to the rituximab infusion, and the subsequent infusion intervals and dose of rituximab were 6 months and 100 mg/body, respectively.
Case Report
The clinical course and summarized profile of each case are shown in Figure 1 and Table 1 , respectively.
Case 1 (Clinical Course)
The patient in case 1 (Fig. 1a) was a Japanese male with minimal change disease (MCD) diagnosed at the 16 years of age. Initial treatment with prednisolone 60 mg/day decreased his urinary protein level, but 2 weeks after the start of treatment his urinary protein level rebounded. Subsequently, administration of cyclosporine and introduction of low-density lipoprotein absorption resulted in a complete remission. However, the MCD relapsed 2-4 times a year accompanied by reduction in prednisolone dose, i.e. the patient had SDNS. Two years and 7 months after its onset, we administered a dose of 500 mg/body of rituximab (BSA was 1.72 m 2 ). The dose of the second and later rituximab infusions was 100 mg/body at 6-month intervals. Prednisolone was discontinued after the second rituximab infusion, and cyclosporine was discontinued after the third infusion. The patient has received 7 rituximab treatments thus far (total dose: 1,100 mg), and a complete remission has been maintained for over 3 years after the start of rituximab. At the time of first infusion, the patient felt his face was glowing, but it improved in a few minutes without additional medication, and there have been no subsequent adverse effects.
Case 2 (Clinical Course)
The patient in case 2 ( Fig. 1b) was a Japanese male with MCD that was diagnosed at 16 years of age. Initial treatment with prednisolone 60 mg/day resulted in a complete remission, but relapses occurred about twice a year when the prednisolone dose was reduced, i.e. the patient had SDNS. We administered a 500 mg/body dose of rituximab (BSA was 1.73m 2 ) at 22 months after the diagnosis. The subsequent infusion doses of rituximab have been 100 mg/body every 6 months. Prednisolone and cyclosporine were discontinued at the time of second infusion. After the initial rituximab infusion, a complete remission was maintained over 18 months. The patient has received rituximab 4 times so far (total dose: 800 mg), no adverse effects have been observed.
Case 3 (Clinical Course)
The patient in case 3 (Fig. 1c) was a Japanese male who was diagnosed with MCD at 41 years of age. His MCD had been managed well with prednisolone and cyclosporine, but it had relapsed 2-3 times a year repeatedly when the dose of prednisolone was reduced, i.e. he had SDNS. Five years and 6 months after its onset, we administered a dose of 500 mg/body of rituximab (BSA was 1.60 m 2 ). Six weeks after the first infusion of rituximab, the patient developed a fever with upper respiratory infection symptoms accompanied by neutropenia (neutrophils 317 cells/µL), which were consistent with febrile neutropenia (FN). Treatment with filgrastim 75 µg and cefepime 4 g/day was followed by an immediate improvement in the patient's condition. Prednisolone and cyclosporine were discontinued 14 weeks after the first rituximab infusion, but the MCD did not relapse. Although FN is a very severe adverse effect of rituximab, the patient wished to receive a second rituximab administration, because he was very satisfied with its efficacy, i.e. a complete remission, without prednisolone and cyclosporine. We administered a dose of 100 mg/body of rituximab 6 months after the first infusion. Three infusions of rituximab have been administered thus far (total dose: 700 mg), but they were not followed by neutropenia and FN despite the absence of preventive administration of filgrastim. A complete remission has been maintained for over a year after the initial dose of rituximab.
become steroid-dependent [2] . As it is impossible to predict whether MCD will follow a refractory clinical course, many patients develop adverse effects of long-term steroid use.
Rituximab is a chimeric anti-CD20 monoclonal antibody that depletes CD20-positive B cells and improves the symptoms of patients with malignant lymphoma [3] and autoimmune diseases [4, 5] . Efficacy of rituximab in pediatric cases of refractory SDNS has been reported in the past decade [6, 7] . In Japan, the achievement by Iijima et al. [8] , namely confirmation of the usefulness of rituximab in the frequently relapsing nephrotic syndrome and SDNS, contributed to obtaining approval for the use of rituximab in the treatment of refractory nephrotic syndrome from the Ministry of Health, Labour and Welfare in 2014.
The optimal way to use rituximab for the treatment of refractory nephrotic syndrome is still controversial. Since rituximab was produced and used clinically to treat B cell lymphoma, the dose and/or intervals of rituximab administration to treat nephrotic syndrome, i.e. 375 mg/m 2 BSA once weekly for 4 weeks, has been modelled on the regimen used to treat lymphoma. However, nephrotic syndrome is a very different disease from lymphoma. Lymphoma patients hold the evident hyperplasia of lymphoma cell, but nephrotic syndrome patients do not. We thought it would be possible to reduce the dose of rituximab when used to deplete CD20-positive B cells in nephrotic syndrome patients' peripheral blood. Our institution has repeatedly reported a sustaining effect for half a year with single-dose rituximab 375 mg/m 2 [9] [10] [11] [12] .
A phase I trial of rituximab targeting at the lymphoma patients confirmed that a 100 mg/m 2 dose of rituximab could sufficiently deplete CD20-positive B-cells in the peripheral blood, and that an even lower dose of 50 mg/m 2 , which is compatible with about 100 mg/ body, can reduce the CD20-positive B cell count [13] . Actually, in our 3 cases of MCD, CD19/20-positive B cells were completely depleted by a single low-dose rituximab infusion, and this effect persisted and maintained complete remission until the next dose of rituximab (Fig. 1) . In case 1, we checked the CD20-positive B-cell count 3 times before administering rituximab, and the counts (cells/μL) were 534, 86, and 106, respectively, suggesting that determining the rituximab dose based on CD20-positive B-cell count is unrealistic. Moreover, since the peripheral blood CD20-positive B-cell count is independent of BSA, the meaning of correction according to BSA is unclear. Back calculating the rituximab doses according to BSA in our 3 cases yielded 57 mg/m 2 in case 1 and case 2, and 62 mg/m 2 in case 3, all of which were about onesixth the conventional dose.
Although rituximab can be used safely and is well tolerated in most cases, various adverse effects, including infusion reactions, neutropenia, reactivation of hepatitis B virus, interstitial pneumonia, and progressive multifocal leukoencephalopathy have been reported, and infusion reactions have been observed at a constant frequency in nephrotic syndrome patients treated with rituximab [7, 8, 11] . Unfortunately, the development of fatal pulmonary fibrosis after rituximab administration has been reported in a pediatric patient with refractory nephrotic syndrome that did not respond to conventional treatments [14] . The patient in case 3 in this report developed FN 6 weeks after the first rituximab infusion, and there may be concern about unclear and/or as-yet-unknown adverse effects of rituximab, e.g. as a result of its effects on gonad function and newly onset of autoimmune disease. All drugs have numerous adverse effects, and we should prescribe the minimum dose as a means of reducing the risk of adverse effects.
Kamei et al. [15] reported discontinuing steroid therapy in all patients with refractory SDNS after starting treatment with rituximab, whereas Iijima et al. [8] reported that all participants in their trial had relapsed by 19 months after randomization, suggesting that rituximab is highly effective in refractory SDNS, but that its efficacy is insufficient to achieve a radical cure. Although long-term safety of rituximab in refractory SDNS patients has not been demonstrated, rituximab may play an important role in avoiding severe adverse effects of steroids. It has been reported that treatment with rituximab can allow reduction of the steroid dose and ameliorate the adverse effects of steroids [12] .
Finally, rituximab is known to be a very expensive drug. Rituximab may be both more effective and safer than steroids, but we must pay attention to medical costs. If the semiannual single fixed low-dose rituximab therapy can reduce the adverse effects of both rituximab and steroids as well as reduce costs and be as effective as conventional doses of rituximab treatment, it may be possible to consider starting rituximab therapy earlier. This is the first report of the usefulness of semiannual single fixed low-dose rituximab therapy in steroid-dependent MCD. 
